South Europe is one of the areas negatively affected by climate change. Issues with water shortage are already visible, and are likely to increase. Since agriculture is the biggest freshwater consumer, it is important to find new water sources that could mitigate the climate change impact. In order to overcome problems and protect the environment, a better approach towards wastewater management is needed. That includes an increase in the volume of wastewater that is treated and a paradigm shift towards a more sustainable system where wastewater is actually considered as a resource. This study evaluates the potential of constructed wetlands (CWs) to treat domestic wastewater and produce effluent that will be suitable for reuse in agriculture. In South Europe, four countries (Greece, Italy, Portugal and Spain) have national standards that regulate wastewater reuse in agriculture. Wastewater treatment plants (WWTPs) that are based on CWs in these four countries were analysed and their effluents compared with the quality needed for reuse. In general, it was found that CWs have trouble reaching the strictest standards, especially regarding microbiological parameters. However, their effluents are found to be suitable for reuse in areas that do not require water of the highest quality.
INTRODUCTION
Two of the biggest challenges that mankind is facing today are water pollution and water scarcity (Petta et al. ) . Urban population growth, contamination of surface and groundwater, unbalanced distribution of water resources and recurrent droughts are some of the factors that adversely impact this problem (Asano & Cotruvo ) . If the current rate of the water consumption continues, 2030 Water Research Group predicts that by 2030 the global annual water requirement will be more than 60% higher than the total available volume (Vo et al. ) .
Water pollution due to insufficient wastewater treatment is also an unsolved question. Untreated domestic wastewater (DWW) can have a detrimental effect on ecosystems and human health. As water supply for human needs depends on the quality and the amount of available water, polluted water bodies can impose higher costs and negatively affect regular water supply. In order to find a solution, it is necessary to expand and upgrade wastewater treatment.
Since water needs are expected to continue to rise and renewable water resources are restricted and affected by climate change (Marecos do Monte ), it is important to introduce new ways for water supply that would be easily accessible, cheap and applicable to different areas. In the cases where conventional water reserves are limited, treated wastewater is one of the most available water sources (Cirelli et al. ), and it is being reused in many countries (Pedrero et al. ) .
The biggest water consumer in the world is agriculture and it currently utilises 65% of the global water demand (Vo et al. ) . In some areas, like the Near East, irrigation is very important as only 30% of the cultivated land is irrigated but it produces around 75% of total agricultural production (Angelakis et al. ) . It is similar in the Mediterranean region where 70-80% of total water demand comes from irrigation (agriculture or landscape) (Petta et al. ) . In Spain, for example, irrigation represents over 60% of total water consumption, while in Greece it is almost 90% (FAO ).
Reusing wastewater in agriculture would be an obvious choice due to the high water needs of this sector and the presence of nutrients in the DWW. For example, it is the biggest type of reuse currently in the EU and Israel (Hochstrat et al. ) . This source of water already contains the nutrients needed for plant growth and by using it, cost for fertilisers could be decreased (Carr et al. ) . Beside the economical and water supply reasons, wastewater reuse has a very important environmental aspect. By reusing wastewater in different sectors, its amount discharged to natural water bodies will decrease and consequently protect them and ecosystems connected to them (Kiziloglu et al. ) .
Situation in Southern Europe
The Mediterranean region is one of the areas affected the most by water shortage (Petta et al. ) . The UN predicted that by the year 2050 the majority of Mediterranean countries will have lower freshwater availability than in the year 1990 (Angelakis et al. ) and the droughts are expected to intensify in the 21st century in this part of the world.
This study focuses on South Europe region as defined by the UN: Portugal, Spain, Andorra, Italy, San Marino, Holy See, Malta, Slovenia, Croatia, Bosnia and Herzegovina, Serbia, Montenegro, Albania, the formal Yugoslav Republic of Macedonia and Greece (Figure 1 ). This region will experience longer periods of low water availability in the 21st century due to the climate change (Almeida et al. ) . In Italy, for example, problems with water supply are already evident, and domestic and industrial needs are favoured over the agricultural sector that uses more than 50% of water supply (Morari & Giardini ) . In Southern Italy water shortage has a negative impact on the agriculture and consequently on the local economy (Cirelli et al. ) . Another example is that of the city of Barcelona (Spain), which had to import water from other regions due to prolonged drought and water scarcity which meant a higher price of this resource (Almeida et al. ) .
In order to successfully reuse it, wastewater has to be treated to the extent where it can cause no danger to human health (Kiziloglu et al. ) . There are two main aspects that need to be considered before reusing wastewater for agricultural irrigation: the presence and possible accumulation of toxic compounds in the soil and the microbiological quality of water (Angelakis et al. ) . The use of untreated wastewater is risky as it may contain disease-causing agents and there is evidence that the waterborne diseases can be transmitted by crops irrigated with it (Morari & Giardini ) .
Currently, out of the 15 countries in South Europe, only four of them (Greece, Italy, Portugal and Spain) have regulated wastewater reuse and set the standard of quality that wastewater should reach after being treated in order to be reused.
Constructed wetlands
Constructed wetlands (CWs) are natural systems for wastewater treatment. They mimic and use physical-chemical and biological processes of natural wetlands for the treatment of various wastewater types. They are aesthetically pleasing and are low-cost wastewater treatment systems (House et al. ) . There are three types of CW:
• Free water surface CW (FWSCW): water flows above impermeable surface and it is in the contact with the atmosphere
• Subsurface-flow CW (SSFCW): water flows below the surface of the system. Depending on the direction of the water flow, they can be further divided into horizontal flow CW (HFCW) and vertical flow CW (VFCW)
• Hybrid CW: a combination of different types previously mentioned.
Removal of pollutants by CWs mostly depends on the temperature, hydraulic residence time (HRT) and loading rate (Rousseau et al. ) . Even though they face some problems in operation (such as low temperatures that can inhibit the removal processes, high volume of inflow that can wash out the solids and clogging that can occur in the SSFCWs ( 
THE AIM AND SCOPE OF THE STUDY
Due to the diverse issues listed in the previous chapters, it is possible that the regular water supply, and agriculture as its biggest consumer, will be jeopardised. This could especially affect the small communities that do not have sufficient financial resources. The aim of this study is to assess the possibility of CWs to treat DWW coming from the small communities up to standards required for its reuse in agriculture. If part of the wastewater could be reused in agriculture, resilience of the small communities to water scarcity would be improved and at the same time pollution of the environment would be reduced. Among research articles published between 2005 and 2014, 29 systems for the treatment of the real DWW (not synthetic) that contained CW as a primary or secondary treatment phase were selected for this review. Only the systems from Greece, Italy, Portugal or Spain were taken into account as only these four countries have wastewater reuse regulations in Southern Europe. CWs that treated wastewater after more advanced treatment (such as anaerobic digesters or activated sludge) were not considered, as small communities are not likely to be able to afford these types of technology. If the two same systems were reported in different articles, the newer one was taken into account unless it reported less information regarding water quality parameters. The systems that did not report a sufficient number of parameters for the comparison with the standards for reuse or that did not present design characteristics were excluded. Finally, the systems that were monitored for less than 5 months or that were unplanted were not considered. First was a FWSCW that consisted of three zones: two vegetated and the central unvegetated zone intended to be anoxic, while another system was a HFCW. Both systems were fed with primary treated wastewater from a wastewater treatment plant (WWTP) in Heraklion and analysed for 8 months. Various hydraulic loading rates (HLRs) have been tested and the best results were achieved with 150 and 125% of the designed HLR for FWSCW and HFCW, respectively.
RESULTS AND DISCUSSION
Galanopoulus et al. () studied a system located in Ploutohori village (Table 1 , System 3), designed for 400 PE (population equivalent). However, during a 1-year long experimental period only one basin had been in use and it treated DWW from 100 individuals. This system was used for the evaluation of the mathematical model useful for the design, simulation and optimisation of the FWSCWs.
A combination of a VFCW and a zeolite tank (Table 1 , System 4) was used for the treatment of wastewater from an eight person residence in Avdira (Gikas & Tsihrintzis ) . Raw wastewater was primarily treated in two septic tanks in series and then stored in a vault from where it was regularly discharged onto the VFCW. The VFCW was divided into two beds of the same size with one being planted and the other one not, for experimental purposes. Both effluents were collected together, and finally passed through a zeolite tank in order to achieve a higher removal of ammonia and phosphorus. The final effluent was stored and later used for irrigation and its quality (Table 2) was monitored during a 40-month period. The authors found that reed had an important role in pollutants removal and prevention of clogging of the bed media. Moreover, effluent storage was beneficial for the overall removal efficiency. Tsihrintzis & Gikas () reported on the design and performance of three systems operating in Greece (Table 1 , Systems 5, 6 and 7). WWTP in Nea Madytos was designed for 3,000 PE and consisted of the several stages that are given in Table 1 . The system in Gomati was smaller and was designed for 1,000 PE. That system had a separate line to treat the sludge. The last system, located in Kosmio village represented wastewater treatment facility for only one family of four people.
Greek standards for wastewater reuse in agriculture (CMD ) recognise two different types of irrigation: restricted and unrestricted. Out of the systems considered, none satisfied requirements for unrestricted irrigation, and only one (System 4) satisfied the standard for restricted irrigation for all ( Table 2 ). The System 3 also reached the quality level sufficient for restricted irrigation but it only reported one parameter needed for the comparison with the standard. Generally, required value of biological oxygen demand (BOD 5 ) proved difficult to meet, and only two systems (3 and 4) reached the value needed for restricted irrigation. It is similar for total suspended solids (TSS) since none of the systems considered had removed it sufficiently for unrestricted irrigation, but the majority of them had reached the standard for restricted irrigation. Microbiological parameters were not provided for any of these systems so this part cannot be discussed.
Italy
Wastewater (140 PE) from a hotel in Florence was treated by a hybrid CW (Masi & Martinuzzi ) . This system was characterised by flow fluctuations depending on the number and the habits of the tourists staying there. Raw wastewater was pumped into an Imhoff tank and later treated by a combination of HFCW and VFCW ( I -Areas where public access is not expected, crops that are not for human use, crops of which fruits are not in contact with the soil and fruits that are processed before consumption; II -Crops that are for human use and are eaten raw; In -Influent; Out -Effluent. Note: Apart from the parameters listed in this table, Greek standards for wastewater reuse also give limits for turbidity and E. coli. In the case of the sensitive areas limits for NH4-N, TN and TP are also applicable. good conditions for nitrogen removal (Table 3) . Authors concluded that this type of system was a promising wastewater treatment facility for the Mediterranean climate, and the hotel owners were granted permission by a national authority to reuse the effluent for gardening. Masi et al. () reported on two systems in the Central Italy. The first one was a tourism farm near Florence (Table 1, System 9) that included only three houses with the highest number of occupants during the summer months. The second one was a camping site operating only during the summer and that implemented water saving measures which among others, included grey and black water separation and their treatment by two different HFCWs (Table 1 , Systems 10 and 11). Both facilities, the tourism farm and the camping site, needed an on-site wastewater treatment system due to the long distance from the nearest sewer system. Since all the HFCWs showed high treatment efficiencies (Table 3) , the authors stated that the CWs can be used as cost-effective wastewater treatment systems for the facilities with variable flow.
Standards on wastewater reuse in Italy (DM ) are peculiar as they define only one type of agricultural reuse. Moreover, there are no big differences between requirements for diverse uses of the treated wastewater and the only parameters that differ are total nitrogen (TN), total phosphorus (TP) and Escherichia coli.
Out of the four systems considered in this review, only one (System 11) met the criteria for reuse. However, not all the parameters required were analysed in this study, so it cannot be said with certainty whether it would fulfil the limits for all the parameters or not (Table 3 ). The two systems that measured E. coli concentration did not meet the requirement for reuse. Other parameters that considered systems did not remove sufficiently are TN and ammonium nitrogen (NH 4 -N). Only System 11 had sufficient removal of these two parameters but their influent concentrations were extremely low (!2.82 and 1.70 mg L À1 for TN and NH 4 -N, respectively) (Table 3) . On the other hand, all four systems had effluent values of COD and TP lower than needed for wastewater reuse. That was the case even with Systems 10 and 11 that had quite high influent COD concentrations.
Portugal
Albuquerque et al. () reported on the two similar HFCWs that differed in terms of the substrate used: gravel and LECA (Table 1 , Systems 12 and 13). Despite their low depth, both systems had low oxygen concentrations due to the high levels of oxygen demand that negatively affected ammonia and organic matter removal. Moreover, nitrate removal was complete for both systems although it took place only in the first part of the bed (Table 4) . Amado et al. () analysed the WWTP in Guarda consisting of two HFCWs (Table 1 , System 14). Only one of the two beds was tested during the period of 20 months. Systems received high inflow of the stormwater that caused large fluctuations of the HLR (average value was four times Table 4 . The authors concluded that this system could be used for the treatment of rural DWW with high fluctuations of pollution, although they stressed the importance of longer measurement of microbiological parameters.
All the systems satisfied limits for TSS and NO 3 -N (Table 4) that are set quite high in the Portuguese standard (Marecos do Monte & Albuquerque b) compared with the other three standards considered in this review. As for TP, one system (number 14) did not satisfy the standard for reuse (Table 4) . Microbiological parameters were available only for the System 14, and while concentration of faecal coliforms (FC) was higher than the allowed maximum, helminth eggs value was below the limit. In general, based only on the parameters they reported, three systems reached the quality necessary for the all four types of wastewater reuse.
Spain
Arroyo et al. () assessed the performance of the WWTP in Bustillo de Cea (northwest Spain) (Table 1, System 16). Its effluent was used for agricultural irrigation and the system was analysed over a period of 12 years. Design parameters were taken from Arroyo et al. () and the concentrations of E. coli and helminth eggs from Molleda et al. () . Both of these studies analysed the same system.
In an experimental facility of the GEMMA group in Barcelona, an experimental plant was set. It consisted of the primary treatment (screening and Imhoff tank), two VFCWs that operated alternatively, HFCW and FWSCW (Ávila et al. a) (Table 1, System 17). Analyses conducted for over 11 months showed that denitrification was almost negligible in HFCW and FWSCW and the presumed reason was the lack of organic matter. The authors concluded that this particular system is a robust technology for the treatment of wastewater from smaller communities with Mediterranean climate.
A full scale system based on the configuration from Ávila et al. (a) was constructed near Sevilla (Ávila et al. b) and was fed with wastewater from a village with 2,500 PE (Table 1 , System 18). After the treatment, water was stored in a basin that proved beneficial for further E. coli removal. The system efficiency data from a 22-month experimental period are presented in Table 5 . The results for dry and wet period were given separately due to the major differences between them. High TSS influent concentration during the wet period came from the wash out of the sediments accumulated in the sewer system. Near the WWTP of Soria, a HFCW (Table 1 , System 19) was constructed for the experimental purposes (Ciria et al. ) . The wastewater used was raw, mostly of domestic origin, but it also included a small percentage (1.5-3%) of industrial wastewater. Only the data for the second year (11 months) were used in this review as it included all four seasons. No seasonal variation in the CW performance was found, but the saturation of the sorption capacity of the substrate had caused an increase in TP concentration in the effluent compared with the influent water. García et al. () tested eight HFCWs with different medium, aspect ratio and water depth. Moreover, different HLRs were tested in each system. The analyses were carried out for 3 years, but only the second and the third year's data are included here, since the data for the first year are incomplete. Only the CW with the best efficiency is considered in this review (Table 1 , System 20). The authors had found that CWs with lower water depth and smaller grain size were more efficient than the others. Aspect ratio, on the other hand, was not an important factor. The microbiological parameters (Table 5) (Table 1 , System 21). A stone filter was installed between each of the system's elements. The plant was fed with part of the wastewater (together with rain water) from the campus (50 PE) and a small farm that caused high NH 4 load. After almost a 3-year experimental period the authors concluded that the stone filters had positive effect on the treatment.
Pedescoll et al. () studied two different WWTPs in the villages of Verdú and Corbins that consisted of the different elements (Table 1 , Systems 22 and 23). The authors studied clogging of these systems, so not many data on parameters are available.
The configuration of the system reported in Garfí et al. () was used also in Barcelona (Pedescoll et al. ) . There were two lines with the same composition but different operation mode: batch and control (Table 1 , Systems 24 and 25). While the control line was fed every day with the same amount of wastewater, the batch system would get water for 2 days, and then there would be a 2-day resting period. There was a third line as well, but it used a more advanced primary treatment that was out of the scope of this paper. The authors studied the performance of these systems over a period of 28 months. Pedescoll et al. () tested in Leon eight CWs of the same dimensions, but with different modes of operation, substrate and plant species. Only the FWSCW and the HFCW (Table 1 , Systems 26 and 27) with the best results in their respective groups are presented in this review. The authors found that presence of the plants improved the removal efficiency, which was higher during the summer than winter.
Performance results of small WWTP in Cubillas de los Oteros were reported by Reinoso et al. () (Table 1 , System 28). The system was analysed for pathogens removal over a period of 10 months, and no other parameters than microbiological were reported.
In Santa Lucia (Canary Islands) a natural wastewater treatment system was constructed for 100 PE. It consisted of a bar screen, a septic tank, an Imhoff tank, two VFCWs operated alternatively and a HFCW (Table 1, System 29). Due to the malfunctioning of the water distribution system for the VFCW, only a part of its surface was used (Vera et al. ) . All wastewater was discharged to a lagoon after HFCW, and a part of it was reused. Analysis of influent and effluent water was carried out over a period of 30 months.
The results in Table 5 show that for the first three parameters (EC, turbidity and TSS) all the systems reached the quality needed for at least one type of irrigation water as required by the Spanish regulations for wastewater reuse (RD ). As for E. coli, none of the systems reached the strictest quality, and two of them were not suitable for reuse in agriculture.
Removal of TSS in the systems from Spain was quite satisfactory and all of them produced the effluent suitable for at least one type of reuse. System 18 during the wet period had a very high influent TSS concentration that was removed in the Imhoff tank and later in the VFCW, but it increased again after HFCW and washout of the particles accumulated there. However, last stage FWSCW almost completely removed all the particles coming from the HFCW (Ávila et al. b) . Systems 23 and 29 had similar influent TSS concentration, but removal in System 29 was much higher (Table 5) . That can be explained by the fact that System 29 had been tested soon after it was constructed while System 23 had been operating for 7 years so its removal efficiency decreased. As for microbiological parameters, systems considered in Spain had satisfactory E. coli removal. Although none of them removed it up to the limits set for the type I of the irrigation use, majority of them reached the limits set for types II or III (Table 5) .
CONCLUSIONS
Treatment of the DWW close to its source and its later reuse can reduce costs, protect the environment and increase the self-sufficiency ratio of the small communities. CWs are one of the ways to achieve that. Wastewater treatment plants in Southern Europe based on CW were analysed in this review and their effluents were compared against the standards for wastewater reuse in the countries where these systems were located.
In the examined area four countries have the standards for wastewater reuse in agriculture: Greece, Italy, Portugal and Spain. Except for Italy, the remaining three countries have set different areas of agricultural reuse that require different water qualities, the strictest one usually being for crops and fruits that are eaten raw. Although a few systems considered here reached the strictest quality, they did not report all the parameters. Microbiological parameters were generally the hardest to reach. Since removal of these organisms is very important for the protection of human health, it is necessary to improve efficiencies of CWs in that sense. Storage of effluent in a lagoon after the treatment proved beneficial for E. coli removal in the study by Ávila et al. (b) . Moreover, García et al. () suggested that hybrid CWs should be used in order to enhance pathogens removal, as single stage CWs cannot reach standards for wastewater reuse. Hybrid CWs in this review also achieved better results than single stage systems regarding parameters other than microbiological ones. Enhancing CW's performance would enable small communities to use their effluents for various types of agriculture and consequently increase resilience to water shortage in Southern Europe.
